Replacing dietary starch with sugar has been reported to improve production in dairy cows. Two sets of 24 Holstein cows averaging 41 kg/d of milk were fed a covariate diet, blocked by days in milk, and randomly assigned in 2 phases to 4 groups of 6 cows each. Cows were fed experimental diets containing [dry matter (DM) basis]: 39% alfalfa silage, 21% corn silage, 21% rolled high-moisture shelled corn, 9% soybean meal, 2% fat, 1% vitamin-mineral supplement, 7.5% supplemental nonstructural carbohydrate, 16.7% crude protein, and 30% neutral detergent fiber. Nonstructural carbohydrates added to the 4 diets were 1) 7.5% corn starch, 0% sucrose; 2) 5.0% starch, 2.5% sucrose; 3) 2.5% starch, 5.0% sucrose; or 4) 0% starch, 7.5% sucrose. Cows were fed the experimental diets for 8 wk. There were linear increases in DM intake and milk fat content and yield, and linear decreases in ruminal concentrations of ammonia and branched-chain volatile fatty acids, and urinary excretion of urea-N and total N, and urinary urea-N as a proportion of total N, as sucrose replaced corn starch in the diet. Despite these changes, there was no effect of diet on microbial protein formation, estimated from total purine flow at the omasum or purine derivative excretion in the urine, and there were linear decreases in both milk/DM intake and milk N/N-intake when sucrose replaced dietary starch. However, expressing efficiency as fat-corrected milk/DM intake or solids-corrected milk/DM intake indicated that there was no effect of sucrose addition on nutrient utilization. Replacing dietary starch with sucrose increased fat secretion, apparently via increased energy supply because of greater intake. Positive responses normally correlated with improved ruminal N efficiency that were altered by sucrose feeding were not associated with increased protein secretion in this trial.
IntrODuCtIOn
Diets based on alfalfa silage and most other hay-crop silages contain high levels of NPN and other sources of RDP (Muck, 1987; McDonald et al., 1991) . When such diets are fed, the rate of ruminal energy fermentation may be too slow to allow ruminal organisms to synthesize protein from the rapidly available RDP (Kim et al., 1999a) . Under these circumstances, increasing the rate of carbohydrate fermentation could result in more effective capture of RDP and improved supply of MP to the dairy cow. There is in vitro evidence of enhanced net yield of ruminal microbial protein from sugar fermentation (Stokes et al., 1991) . Sugars were more rapidly fermented in the rumen than starch (Chamberlain et al., 1993) , confirming their effectiveness as supplements for alfalfa silage diets. The Cornell Net Carbohydrate and Protein System (e.g., NRC, 1996) indicated that the organisms fermenting soluble sugars could contribute approximately 18% more microbial protein than those fermenting the starches in high-moisture corn. Our objective was to assess whether it was advantageous for the lactating dairy cow to increase dietary sugar content. Therefore, we formulated an alfalfa silage-based control diet containing a large amount of corn starch and assessed the effect on production and ruminal metabolism of incremental replacement of the starch with sucrose.
materIaLS anD metHODS

Lactation Trial
Two sets of 24 multiparous Holstein cows, with mean (SD) parity 3.2 (1.4), 641 (58) kg of BW, 77 (53) DIM, and 41 (4) kg milk/d, were blocked within sets into 6 groups of 4 by DIM in a feeding trial of randomized complete block design. The first set of 24 cows was used during phase 1 and the second set was used during phase 2 of the trial. Before starting each experimental phase, all cows were fed the same diet for a 2-wk covariate period, and production of milk and milk components was determined for use in statistical analyses. Cows within blocks were then randomly assigned to 1 of the 4 diets and fed only that diet during each 8-wk experimental phase. Care and handling of all experimental animals, including ruminal cannulation of cows used in the ruminal metabolism study, was conducted under protocols approved by the University of Wisconsin Institutional Animal Care and Use Committee.
Forage was from the same source of alfalfa silage and corn silage in all diets. The alfalfa silage was harvested using a conventional mower conditioner, field wilted to about 40% DM, chopped to a theoretical length of 2.9 cm, and ensiled in a large bunker silo after inoculation with 100,000 cfu/g of wet silage (H/MF inoculant, Medipharm USA, Des Moines, IA; Table 1 ). Corn silage was a brown midrib variety (F657, Cargill Hybrid Seeds, Minneapolis, MN) harvested at about one-half milk line, chopped to a theoretical length of 1.9 cm, field-processed with rolling (roller clearance of 1 to 3 mm), and ensiled in a large upright silo without additives (Table 1 ). The covariate diet was formulated from these silages, high-moisture shelled corn (rolled to a geometric mean particle size of about 2 mm; Broderick et al., 2001 ), 48% CP solvent-extracted soybean meal (SBM), roasted soybeans, a fat supplement (Energy Booster 100, Milk Specialties, Dundee, IL), corn starch, plus minerals and vitamins (Table 2 ). The 4 experimental diets were similar except that corn starch was replaced in stepwise increments of 2.5 percentage units with sucrose so that diets ranged from 7.5 to 0% added corn starch and from 0 to 7.5% added sucrose (Table  2) . Also, roasted soybeans in the covariate diet were replaced by SBM to reduce dietary RUP to make cows more responsive to changes in microbial protein supply (Table 2 ). All diets were fed as TMR.
Cows were milked twice daily and individual milk yields were recorded at each milking. Milk samples were collected at 2 consecutive (p.m. and a.m.) milkings midway through wk 2 of the covariate period and midway through wk 2, 4, 6, and 8 of each experimental phase and analyzed for fat, true protein, lactose, and SNF by infrared analysis (AgSource, Verona, WI) with a Foss FT6000 (Foss North America Inc., Eden Prairie, MN) using AOAC (1990) method 972.16. For MUN determination, 5 mL of milk sample from both milkings was treated with 5 mL of 25% (wt/vol) TCA. Samples were vortexed and allowed to stand for 30 min at room temperature before filtering through Whatman no. 1 filter paper. Filtrates were stored at −20°C until MUN analysis by an automated colorimetric assay adapted to flow-injection (Lachat Quik-Chem 8000 FIA, Lachat Instruments, Milwaukee, WI). Concentrations and yields of fat, true protein, lactose, and SNF, and MUN concentration were computed as the weighted means from a.m. and p.m. milk yields on each test day. Yields of 3.5% FCM (Sklan et al., 1992) and SCM (Tyrrell and Reid, 1965) were also computed. Efficiency of conversion of feed DM was calculated for each cow over each 2-wk interval of the experimental phase by dividing mean yield of actual milk, FCM, and SCM by mean DM intake. Similarly, efficiency of utilization of feed N was computed for each cow by dividing mean milk N output (milk true protein/6.38) by mean N intake, assuming no net deposit or mobilization of N from body tissues. Body weights were measured on 3 consecutive days at the start and end of the 8-wk experimental phase to compute BW change.
All cows were injected with bST (500 mg of Posilac, Monsanto, St. Louis, MO) on the same day at 14-d intervals throughout the trial. Cows were housed in tie Inc., St. Joseph, MI), and sequentially for NDF and ADF using heat-stable amylase (Van Soest et al., 1991) and Na 2 SO 3 (Hintz et al., 1995) during the NDF step. The TMR composites also were analyzed for total fat (method 920.39; AOAC, 1997; Dairyland Laboratories, Arcadia, WI) to compute NFC and for soluble sugars using sucrose as the standard and for starch (Hall et al., 1999 ; T. K. M. Webster, West Virginia Univ., Morgantown). Data on composition in Table 2 were from analysis of TMR composites. At the end of the trial, weekly composites of alfalfa silage and corn silage were thawed and water extracts were prepared, deproteinized, and then analyzed for NPN (Muck, 1987) using a combustion N assay (Mitsubishi TN-05 Nitrogen Analyzer, Mitsubishi Chemical Corp., Tokyo, Japan). At the end of wk 4 and 8 of each experimental phase, 2 spot urine samples were collected from all cows at about 6 and 18 h after feeding. Fresh urine was acidified by diluting 15 mL of urine with 60 mL of 0.072 N H 2 SO 4 and storing at -20°C until analyzed. At the end of the trial, all urine samples were thawed at room temperature and filtered through Whatman no. 1 filter paper. Filtrates were analyzed for creatinine using a picric acid assay (Oser, 1965) adapted to the flowinjection analyzer (Lachat Quick-Chem, Lachat Instruments), for total N (Mitsubishi Nitrogen Analyzer), for allantoin using the method of Vogels and van der Grift (1970) adapted to a 96-well plate reader, for uric acid using a commercial kit (No. 683-100P, Sigma Chem. Co., St. Louis, MO), and for urea with the colorimetric method used for MUN. Daily urine volume and excretion of urea N, total N, and purine derivatives (PD; allantoin plus uric acid) were estimated from mean urinary concentrations assuming a creatinine excretion rate of 29 mg/kg of BW (Valadares et al., 1999) .
Ruminal Metabolism Trial
At the same time as the lactation trial, an additional 4 lactating Holstein cows fitted with permanent ruminal cannulae and with mean (SD) parity of 3.0 (0.8), 662 (69) kg of BW, 185 (88) DIM, and 39 (5) kg of milk/d were assigned to a balanced 4 × 4 Latin square trial with 4-wk periods (total 16 wk). These cows were fed the same 4 experimental diets over the same time period and were housed and managed as described in the lactation trial. Omasal sampling was performed during the last week of each period using the techniques developed by Huhtanen et al. (1997) and Ahvenjarvi et al. (2000) , as modified by , to quantify ruminal digesta flow. Indigestible NDF (Huhtanen et al., 1994) , YbCl 3 (Siddons et al., 1985) , and Co-EDTA (Uden et al., 1980) , which are mainly associated with, respectively, large particle, small particle, and fluid phases of digesta, were used as flow markers at the omasal canal. Cobalt-EDTA and YbCl 3 were dissolved in distilled water and continuously infused into the rumen at rates of 2.6 g of Co and 2.2 g of Yb, in 3.12 L/d of solution. Markers were continuously infused for 158 h from d 20 at 0900 h to d 26 at 2300 h using a syringe pump (model 33, Harvard Apparatus Inc., Holliston, MA). Spot samples of 300 mL of digesta were collected over 3 d from the omasal canal 4 times/d at 2-h intervals at 0000, 0200, 0400, 0600 h (d 24), 0800, 1000, 1200, 1400 h (d 25), and 1600, 1800, 2000, and 2200 h (d 26), such that sampling represented the 24-h feeding cycle. Each spot sample was divided into subsamples of 100 and 200 mL; 1 mL of 40% (wt/vol) formaldehyde was added to the 100-mL subsample. Subsamples were pooled as they were collected over all sampling times to yield 1.2-and 2.4-L composites from each cow in each period. Pooled subsamples were stored at −20°C until processed.
The 2.4-L pooled omasal composites were thawed at room temperature, separated into the large particle, small particle, and fluid phases, freeze-dried, and analyzed for Co, Yb, and indigestible NDF. Then, DM from freeze-dried was phase mixed in the correct proportions to reconstitute the omasal true digesta (OTD) flowing out of the rumen based on the triple-marker method of France and Siddons (1986) , as detailed by . The OTD samples were analyzed for DM, ash, NDF, ADF, and total N as described for feeds, as well as for NAN and individual purines (Reynal and Broderick, 2009 ). The 1.2-L pooled omasal composites were thawed at room temperature and centrifuged (176 × g, 4°C, 5 min); supernatants were decanted and recentrifuged (11,300 × g, 4°C, 30 min). This second supernatant was decanted and discarded and the pellet resuspended in 100 mL of McDougall's buffer and recentrifuged (11,300 × g, 4°C, 30 min). The resulting bacterial pellets were stored at −20°C until freeze-dried, ground with a mortar and pestle, and then analyzed for ash as described for feeds and for NAN and individual purines (Reynal and Broderick, 2009 ). Omasal flows and apparent ruminal digestion of DM, OM, NDF, ADF and N; omasal flows of microbial DM, OM, and NAN; true ruminal digestion of DM, OM, and N; and microbial efficiency (g of microbial NAN/kg of OM truly digested in the rumen) were computed from analytical data using the equations detailed earlier .
On d 27 of each period, about 100 to 200 mL of digesta was collected from 3 locations in the ventral rumen at 0 (just before feeding), 1, 2, 4, 6, 8, and 12 h after the feeding, and strained through 2 layers of cheesecloth; pH was measured immediately. Two 10-mL samples of ruminal fluid were then preserved in scintillation vials by addition of 0.2 mL of 50% H 2 SO 4 and stored at −20°C. Just before analysis, samples were thawed and centrifuged (15,300 × g for 20 min at 4°C) and flow-injection analyses (dual-channel Quik-Chem 8000 FIA, Lachat Instruments) were applied to supernatants to determine ammonia, using a phenol-hypochlorite method (Lachat method 18-107-06-1-A), and total AA using a fluorimetric procedure based on reaction with o-phthalaldehyde (Roth, 1971) . Leucine was the standard in the o-phthalaldehyde assay and total AA are reported in leucine equivalents. Samples also were thawed and centrifuged (28,000 × g for 30 min at 4°C) for determination of individual and total ruminal VFA using a modification of the GLC method for free fatty acids described in Supelco Bulletin 855B (Supelco Inc., Supelco Park, Bellefonte, PA) with flame-ionization detection. Standards or supernatants (0.5 or 1 μL) were injected onto a ZB-FFAP capillary column (30m × 0.53 mm × 1.0 μm; no. 7HK-G009-22, Phenomenex Inc., Torrance, CA) with helium carrier gas at 100 kPa and a flow rate of 20 mL/min. Column oven temperature was 100°C at injection; after 2 min., temperature was increased to 130°C at 10°C/min. Injector and detector temperatures were 230 and 250°C. The method did not resolve isovalerate and 2-methylbutyrate. Individual VFA are reported in concentration units rather than as molar proportions.
Statistical Analysis
Statistical analysis of most data from the lactation trial was conducted using the mixed procedures of SAS (SAS Institute, 1999) with a repeated measures model using an SP(POW) structure that included the covariate mean for each trait for each cow, phase, block, diet (sucrose level), and wk (2, 4, 6, and 8), plus the interactions phase × diet, phase × week, diet × week, and the 3-way interaction phase × diet × week. The same approach was used for BW change, MUN, and excretion traits except the model did not contain the covariate. All variables were considered fixed, except cow, whole-plot error, and subplot error, which were considered random. Interaction terms were removed from the model when P ≥ 0.25. Least squares mean estimates for each level of sucrose are reported. Orthogonal contrasts were used to test for linear and quadratic effects of level of sucrose addition to the diet. Significance was declared at P ≤ 0.05 and separation of least squares means was conducted at α = 0.05 using pdiff in the lsmeans statement.
Data from ruminal and omasal sampling were analyzed as a 4 × 4 Latin square using the mixed procedures of SAS (SAS Institute, 1999) . Model sums of squares for traits measured at different times after feeding were separated into overall mean, cow, period, diet, wholeplot error, hours postfeeding (repeated measures), hours postfeeding × diet interaction, and subplot error. Repeated measures analyses were performed using the SP(POW) structure of SAS. The hours postfeeding and repeated measures portion of the model were deleted for the analysis of omasal sampling data. All variables were considered fixed, except cow, whole-plot error, and subplot error, which were considered random. The interaction term square × diet was removed from the model when P ≥ 0.25. Orthogonal contrasts were used to test for linear and quadratic effects of level of sucrose addition to the diet. Significance was declared at P ≤ 0.05 and separation of least squares means was conducted at α = 0.05 using pdiff in the lsmeans statement.
reSuLtS anD DISCuSSIOn
The alfalfa and corn silages fed in this study both contained 43 to 44% NDF and had expected levels of ammonia-N, total AA-N, and ADIN, indicating that they resulted from typical fermentations in the silo (Table 1) and were of usual composition (NRC, 2001) . Both the alfalfa silage (Broderick et al., 2001 ) and corn silage (McDonald et al., 1991) contained the normal, high proportions of NPN, and forage NPN accounted for a mean 42% of total dietary N. Large amounts of NPN depress utilization of forage CP (Nagel and Broderick, 1992) . These levels of CP and NPN indicated that possible responses in microbial growth from supplemental sucrose would not have been restricted by RDP supply on this trial. Targets for corn starch and sucrose addition were very nearly met despite variation in ingredient DM content over the course of the trial (Table 2 ). Nonstructural carbohydrate analysis of TMR composites indicated that stepwise replacement of corn starch (in increments of 2.5 percentage units) with sucrose increased total sugar from 2.7 to 10.0% of dietary DM. Using these data to quantify added sugar, 2.4, 4.4, and 7.3% of dietary DM was recovered versus the targets of 2.5, 5.0, and 7.5% added sucrose (Table 2) . These results indicate that the 4 diets conformed to our experimental plan of linear incremental replacement of starch with sugar.
Although no quadratic contrasts were significant (P ≥ 0.26), several linear responses to replacing dietary starch with sucrose were detected for production traits (Table 3 ). There was a linear increase (P = 0.02) in DM intake with increasing dietary sugar (Table 3) , an effect we observed previously when making incremental additions of both dried and liquid molasses at the expense of high-moisture corn (Broderick and Radloff, 2004) . Sutton et al. (2001) reported elevated feed intake by dairy cattle when increasing dietary sugar levels. This effect may be mediated partly through improved palatability. Harvesting forages in late afternoon, just after maximal photosynthetic activity, increased total sugar content (Owens et al., 1999) . Dry matter intake was elevated in goats, sheep, and cattle when they were fed fescue hay (Fisher et al., 1999) or alfalfa hay (Fisher et al., 2002) harvested late in the day versus hay harvested in early morning.
Milk yield was not altered, but there were linear increases (P ≤ 0.05) in milk fat content and secretion with elevated dietary sucrose (Table 3) . Similar effects have been reported by others when feeding molasses to lactating cows (Wing et al., 1988; Murphy, 1999) . However, quadratic responses to increasing dietary sugar, added incrementally as molasses, have also been observed (Broderick and Radloff, 2004) . Both acetate and butyrate are important precursors for de novo fatty acid synthesis for milk fat formation (Bauman and Griinari, 2001) . Increased fat secretion due to sugar feeding has been attributed to elevated butyrate production in the rumen (Khalili and Huhtanen, 1991) . However, increasing dietary sucrose did not alter ruminal concentrations 4805 REPLACING STARCH WITH SUCROSE of either total VFA or butyrate; moreover, both acetate and acetate:propionate ratio declined (P ≤ 0.04) in the present trial (Table 4) . Valerate, for which there was a quadratic response (P = 0.02) to sucrose (Table 4) , can be formed partly from condensation and reduction of acetate and propionate (Prins, 1977) ; this could have been the fate of a small proportion of these 2 VFA. Concentrations of VFA in the rumen represent a balance between production and disappearance, and important differences in VFA production may not be apparent from concentrations alone (Leng, 1970; Dijkstra et al., 1993) . Vallimont et al. (2004) , when feeding the same 4 TMR from the present study to continuous culture systems charged with ruminal inoculum, observed a linear increase in butyrate and decline in glucogenic:lipogenic VFA ratio in fermenter effluent as sucrose replaced corn starch. Because VFA absorption would not confound the relationship between concentration and production rate, increased concentrations in continuous culture might indicate that butyrate production was also increased in the rumen in vivo. Mean ruminal pH was normal over the 12 h after feeding for a regimen in which animals were fed once daily and was unaffected by diet (Table 4 ), suggesting that no ill effects ensued from feeding diets with 43% NFC and 31 to 33% NSC.
Linear decreases (P ≤ 0.04) were observed in apparent DM efficiency (milk yield/DM intake) and N efficiency (milk N/N-intake) with increasing dietary sugar (Table 3 ). This occurred because the response in DM intake was not accompanied by a change in actual milk. However, no effect was detected (P ≥ 0.78) when efficiency was expressed as FCM/DM intake or SCM/DM intake. The numerical increases in secretion of FCM and SCM, although not significant (P ≥ 0.13), were large enough to dilute the effect of elevated DM intake when computing feed efficiencies. This result indicated that energy utilization was not impaired at the greater DM intakes occurring when sucrose replaced dietary starch.
Depressed N efficiency (P = 0.04) also occurred because greater N intake was not reflected in a response (P = 0.39) in true protein yield (Table 3) . Although MUN was unchanged, increased dietary sucrose was accompanied by affects usually associated with improved N utilization. Urinary urea-N (P < 0.01), total N (P = 0.01), and urea-N as a proportion of total urinary N (P = 0.03) all declined with elevated dietary sucrose. Earlier, we observed quadratic effects on milk protein yield and ruminal ammonia with supplementation of liquid molasses in cows fed diets with 32% alfalfa silage Least squares means within the same row without a common superscript differ (P < 0.05). 1 Standard error of the least squares means. 2 Probability of linear and quadratic orthogonal contrasts for dietary sucrose concentration. and 15.6% CP; milk protein secretion increased and ruminal ammonia declined with consumption of 0.7, but not 1.3 and 2.0, kg/d of added total sugar (Broderick and Radloff, 2004) . However, a second trial found no significant effect on protein secretion when adding dried molasses to diets with 40% alfalfa silage and 17.9% CP (Broderick and Radloff, 2004) . Intake of added total sugar, assayed by the same method as earlier, was 0.6, 1.1, and 1.9 kg/d in the current study.
Although not different among diets, typical magnitudes of digesta flow at the omasal canal and ruminal digestibility were measured in this study (Table 5) . Mean microbial OM flow (determined with total purines as the microbial marker; Reynal and Broderick, 2009) was 5.1 kg/d; mean apparent and true (i.e., corrected for microbial OM flow at the omasum) OM digestibility in the rumen was 40 and 62%. observed 4.9 kg/d of microbial OM flow (estimated using a similar total purine assay) and apparent and true OM digestibility of 42 and 67% in dairy cows fed diets based on corn silage and high-moisture corn and supplemented with 5 different CP sources. Using 15 N as a microbial marker, Brito et al. (2006) found 5.4 kg/d of microbial OM flow and apparent and true OM digestibility of 42 and 64% on diets containing a range of contents of alfalfa and corn silages plus high-moisture corn. Brito et al. (2007) observed 4.6 kg/d of microbial OM flow and apparent and true OM digestibility of 45 and 65% in cows fed diets containing alfalfa and corn silages, high-moisture corn, and 1 of 4 CP sources. The mean ruminal digestibilities of 52 and 58% for NDF and ADF were relatively high, confirming that there was active fermentation in the rumen. Greater digestibility of ADF than NDF implies that hemicellulose was less digestible than ADF, which is composed of cellulose plus lignin. We have observed greater apparent digestibility of ADF than NDF in previous trials in which two-thirds (Broderick and Radloff, 2004) or all (Broderick et al., 2001 ) dietary forage came from alfalfa silage, but not when all dietary forage came from red clover silage (Broderick et al., 2001 ). Weiss et al. (1989) reported apparent digestibilities of 49, 55, 28, and 64% for, respectively, NDF, ADF, hemicellulose, and cellulose on a 30% NDF diet composed principally of alfalfa silage and corn grain in which the alfalfa provided 89% of the dietary NDF. We observed fiber digestibilities of 27 to 35% (Brito et al., 2006) and 28 to 36% (Brito et al., 2007) in earlier work using similar methodology but in diets containing more mature alfalfa silage and at NDF and ADF intakes that were 1.0 to 1.5 kg/d greater. A quadratic effect of diet on apparent ruminal NDF digestibility was also detected in the current trial, with digestion maximizing at about 5% sucrose before declining. Vallimont et al. (2004) found a similar quadratic effect and a mean NDF digestibility of 61% when feeding these same 4 diets to continuous culture fermenters.
As detected in previous work Brito et al., 2006 Brito et al., , 2007 , apparent N digestion in the rumen was slightly negative on all diets; moreover, this response was linear (P = 0.02) whereby the effect became less negative as dietary sucrose increased (Table  5) . Trapping of urea-N recycled to rumen is commonly observed such that apparent N digestion often appears to be negative. The effect of diet on apparent N digestibility disappeared when N digestibility was corrected for microbial NAN flow at the omasal canal. It was anticipated that sugar supplementation would be benefi- (Table 4) . Vallimont et al. (2004) , when feeding these diets to continuous culture fermenters, observed a linear decline in isobutyrate, but not isovalerate or ammonia. However, no effects of increasing dietary sucrose on microbial protein formation in the rumen were detected; mean bacterial NAN flow was 449 g/d across diets in this study (Table 5) . Moreover, urinary excretion of purine derivatives (Table 3) , which are indirectly related to microbial flow from the rumen (Chen et al., 1990; Vagnoni et al., 1997) , also did not alter. Microbial efficiency averaged about 31 g of NAN/kg of OM truly fermented in the rumen. Mean efficiencies of 32 , 30 (Brito et al., 2006) , and 29 (Brito et al., 2007) g of NAN/kg of OM truly fermented in the rumen were observed in some of our earlier work. A linear effect was detected for bacterial purine concentration, which increased along with dietary sucrose. Because NAN content was unchanged (P = 0.93), this was not due to an effect on bacterial carbohydrate stores. Reduced mean cell size, whereby there would be greater purine per unit cell protoplasm (Obispo and Dehority, 1999) , might account for the increased purine content. The quadratic effects (P ≤ 0.02; Least squares means within the same row without a common superscript differ (P < 0.05). pattern may derive partly from a biological interaction of increasing sucrose content of the diet and greater RDP entering the rumen due to elevated feed intake. Literature reports are contradictory on whether replacing dietary starch with sugars, specifically sucrose, will increase microbial protein flow from the rumen. Ruminal infusions of sucrose (Kim et al., 1999a) and maltodextrin (Kim et al., 1999b) in dairy cattle fed grass silage diets stimulated microbial protein synthesis in the rumen. Kim et al. (2000) also showed a positive effect of sucrose infusion into the rumen. However, Hall and Herejk (2001) observed greater yield of microbial protein from starch than sucrose addition to ruminal in vitro incubations. Sannes et al. (2002) reported that sucrose supplementation changed total PD excretion, but not microbial protein synthesis, which was computed from PD excretion plus the purine:N ratio of isolated ruminal bacteria, and was actually reduced with sucrose feeding. Because large hexose polymers such as starch have lost the weight of 1 molecule of water of hydration per sugar unit, they are more energy dense than di-hexoses; thus, sucrose contains only 95% as much usable energy per unit weight as starch. This dilution of dietary energy may help explain the lack of a production effect, despite positive changes in ruminal microbial growth, when sucrose replaced starch in the diet.
COnCLuSIOnS
Feeding sugar has been reported to improve RDP utilization in dairy cows. Stepwise replacement of corn starch with sucrose in a diet formulated from alfalfa and corn silages, high-moisture corn, and solvent-extracted SBM, and containing 16.7% CP and 30% NDF, gave linear increases in DM intake and milk fat content and yield, as well as linear decreases in ruminal concentration of ammonia and branched-chain VFA, urinary excretion of urea-N and total N, and urea-N as a proportion of total urinary N. Despite these changes, there were linear decreases in both milk/DM intake and milk N/N-intake when sucrose replaced dietary starch. However, expression of feed efficiency as FCM/DM intake or SCM/DM intake was not influenced by diet, suggesting that energy efficiency was not impaired. Increased fat secretion when sucrose replaced dietary starch was apparently mediated via increased energy intake. The positive effects on factors associated with improved N efficiency that were observed when sucrose was fed in this trial were not associated with improved milk protein secretion.
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